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Abstract 
A bacterial strain was isolated from Saigon River and showed its ability of utilization diesel oil (~O) as the main carbon 
source. Hydrocarbon degradation could reach 80% within 5 days of liquid cultivation under the optimal condition. At 
the late log-phase of growth in DO oil, these bacteria produced a mixture of biosurfactants, which lowered surface 
tension of cultured broth to 31.2mN/cm2, and made a substantial emulsification activity with xylen and n-hexane. The 
effects of salt concentrations and pH to biosufactant producing were also studied. The strain was identified as 
Pseudomonas aeruginosa. 
Cell-free-cultured broth showed a strong releasing DO from oil-bound sandy by thousands time lower concentration in 
comparison with SOS, a chemical surfactant, and significantly promoting DO utilization by the same strain. The results 
indicate that it is possible to apply this type of crude biosurfactant to the bioremediation of hydrocarbons. 
Key words: Biosurfactant, Diesel oil degradation, Pseudomonas aeruginosa. 
1. Introduction 
Biosurfactants are surface active substances produced by living cells. They have the properties of 
reducing surface tension, stabilizing emulsions, promoting foaming and are generally non-toxic and 
biodegradable. 
Microorganisms which synthesized biosurfactants can be bacteria, yeasts or fungi. Among of those, 
the bacteria have been intensively studied so far [1 & 2] and their biosurfactants products are mostly 
glycolipids (rhamnolipids or sorphorolipids), lipoproteins (surfactins) or natural lipids. These 
substances are widely used in the industry and environment. 
Toward bioremediation of hydrocarbon pollution, biosurfactants are considered to enhance 
hydrocarbon biodegradation processes by several ways [2. 4, 5, 6, 7] : (i) to increase morbidity of 
hydrocarbons especially low dissolve hydrophobic substances in water or soil through forming 
micelles; (ii) to facilitate the cell adhering to the hydrophobic surface, (iii) to increase cell surface 
hydrophobicity at low concentration. These properties are important for application practice. 
In this study, we have isolated a bacterial strain, namely SG, from Saigon River. The strain showed 
ability of utilization of diesel oil and during biodegradation it produced a mixture of biosurfactant. 
Diesel oil degradation and biosurfactant production was investigated by effects of factors such as 
medium pH, salt concentration. Cell free cultured broth (containing SG7 biosurfactant) was used to 
study effects to oil release from oil bound sandy and biodegradation of oil by the same strain. 
2. Experimental procedure 
Materials and Chemicals: Gram stammg solutions, SDS (Sodium dodecyl sulfate), PCA agar 
medium were from Merck, Gennany. API -20 NE test kit and analysis software were from 
BioMerieux,USA . Blood-agar-plates were provided from Pasteur Institute in Hochiminh city. 
Pseudomonas aeruginosa ATCC 27853 reference strain was from NamKhoa Co., Vietnam. 
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Bacterial isolation and growth: Water samples was collected from Thuy-Doi shipping yard 
belonging to Sai-Gon River and spread on the blood-agar-plates (containing 5% sheep blood) and 
incubated at 35°C. The colony with a hemolytic zone surrounding was selected on PCA agar 
(Merck) plate. Single strains then were subjected for DO-oil utilization and biosurfactant activity 
tests. Liquid mineral medium containing 0.7 gil Na2HP04, 0.3 gil KH2P04, 3g/1 KN03, 0.4g/1 
MgS04 and 30 % (v/v) of filtrated river water, pH 7.2, was used. When indicated the medium will 
be added with DO oil orl and NaCI to desired concentrations. 
Morphological study was studied by microscopic observation of fresh and alive cells. Gram 
staining was followed method of Merck producer and judged under microscopy. Catalase activity 
was tested using H20 2 solution dropped on the surface of the bacterial biomass. 
API -20 NE Testfor SG7 was followed strictly by a protocol provided by BioMerieux,USA. 
16S rRNA analysis: SG7 strain was sent to Biotechnology Center, Vietnam National University-
Hanoi for 16S rRNA sequence verification (ABI PRISM® 3100-Avant Genetic Analyzer) using 
PCR primers: 27F <5'-AGAGTTTGATCCTGGCTCAG>; 1525R <5'-
AAAGGAGGTGATCCAGCC>; 780F <5'- GAATTGATACCCTGGTAG>; and 920R 5'-
GTCAATTCCTTTGAGTTT -3'. 
DNA-DNA Hybridization: Intensively, about 300 mg of biomass of each SG7 and the reference 
ATCC27853 strain was prepared from growth in LB medium for 20 hours at 30°C. DNA extraction 
was done by cell lyses and purified by CsCh gradient ultra centrifugation at 100.000 rpm at 15°C 
for 16hrs. Full length biotinlated and activated DNA-DNA hybridization was performed at 55°C for 
2-3 hours and read through Microplate Reader at 450 nm. 
Oil dispersion test: The test was performed in a clear glass petri <D 10cm plate. Diesel oil was 
spayed to form a fine and thin layer of oil on distilled water and hold for stationary about 20 
minutes. 10 III of biosufactant containing solution was vertically added onto the center of the oil 
layer. The diameter of the dispersed oil layer spot was immediately measured. 
Emulsification test (E24): 2ml of cell-free-supernatant was mixed with 2 ml of xylen (or n-hexane 
or diesel oil) and 3 ml of phosphate buffer pH 7.6 containing 1mM MgS04 in a glass lcm x 15 cm 
tube by vortexing for 1 minute at 2000rpm. After 24 hrs holding at room temperature, the 
percentage of volume occupied by emulsion was measured. 
Hydrocarbon measurement: The amount of diesel oil remaining in cultured broth was measured 
by weight in a coming 15ml centrifuge tube. Evenly 5-10 ml of the mixed well cultured broth was 
de-emulsified by adding ethanol kept frozen for several hours. After thawing, the tube was 
centrifuged at 3500rpm and the oil layer was carefully removed and weighted. 
Diesel oil release from oily sandy: 100 gram of sand was washed well and dried at 105°C overnight 
to remove water completely. After cooling to room temperature, sand particles were mixed well 
with 20 ml of diesel oil. For testing, 15 gram of oily sandy was put in the bottom of a glass 1cm x 
15 cm tube, 5 ml of biosurfactant containing solution was gently added again the wall of the tube. 
Cell free supernatant or 1 % SDS with dilution factors from 1 to 107 was used. The height of oil 
layer raised from bottom was measured after holding at RT for 24hrs. 
Experimental design for the effect of added biosllrjactallt ill DO oil degradation: Test was 
performed in 300 ml glass flask containing 100ml mineral medium, 18 ml of sterilized diesel oil 
and 1 ml of the cell-free-supernatant with dilution factors from 1 to 107. SG7 cells were harvested 
from one overnight growth on a PCA plate and used to make cell suspension by a mineral medium 
and made in Iml aliquots for each growth test flask. Culture was shaken at 200 rpm at RT and at 
each indicated time 10 ml of the mixture was withdrawn and the diesel oil containing in a sample 
was measured by weighing method as described above. 
-34-
3. Results and discussion 
3.1. Identification of bacterial strain SG7 
From 7 strains isolated by their hemolytic activity on blood- agar plate and showed diesel oil 
utilization, only one strain, namely SG 7, strain produced a highest biosurfactantl emulsification 
activity when growth by diesel oil. The SG7 cell appeared as a short rod shape and mobilized. Cells 
when grown on PCA agar formed a round and medium sized -whitish colony and excreted green 
pigment. On the mineral agar medium with sprayed oil, cells grew slower and forming smaller and 
more transparent colonies. The strain is Gram negative (-) and it could show catalase but not 
fermentative activity. These characteristics can say that the strain likely belong to Pseudomonas 
genus. 
Table: Results of API-20NE tripping test (reading after 48 hr of incubation) 
48h ± 
- - + + - + - + - - + + + + + + + + + + 
1 2 4 1 2 4 I 2 4 1 2 4 1 2 4 1 2 4 1 2 4 
T Q 11 J1 ·E G P Q 11 M M N M N £: 11 M £: f 0 N03 R 1 .!2 R s E N 1 R !l 11 11 11 Q 11 .!2 1 1 11 x p U H E C L G U A E N G L T P I T T C 
ID 1 3 5 4 7 7 7 No. 
The biological API-20NE test results showed that SG7 strain had a high similarity, 99.8 %, to 
Pseudomonas aeruginosa (Table). This kind of test is one of the most convenient tests to identifY 
pseudomonad; however, the interpretation based on test result sometimes caused an enor due to 
effect of cell aging and testing performance. 
Pseudomonas pseudoalcaligenes 
Pseudomonas fragi 
Pseudomonas stutzeri 
Rhodococcus erythropolis 
I I Pseudomonas aeruginosa 
LlSG7 90 
Pseudomonas thermaerum 
Pseudomonas chloritidismutans 
Pseudomonas alcaliphila 
Pseudomonas monteilii 
...................... _-_._- Pseudomonas mendocina 
~L .•.......... _ .....•••.• _ .•.•• Pseudomonas nitroreducens 
Fig. 1. Phylogenetic tree. Similarity ofS07 gene to others in OenBank was estimated by BLAST system. 
16S rRNA sequence homology of SG7 strain was further studied using specific PCR primers to 
amplifY a high consensus area of the bacterial target gene. DNA homological searching using 
BLAST was identified SG7 as Pseudomonas aeruginosa 99,7% (1446/1450) or Pseudomonas 
thermaerum 99,8% (144711450) (Fig. 1). The confident identification was obtained from the result 
of DNA-DNA hybridization experiment, in which full length chromosomal DNA of SG7 and 
Pseudomonas aeruginosa ATCC 27853 were hybridized to each other by nearly 100%. SG7 is not 
new strain, since Pseudomonas aeruginosa species were known as one of the most common 
bacteria in the environment. Many of them showed ability to degrade saturated or aromatic or even 
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chlorinated hydrocarbons [3,4, and 5], Pseudomonas aeruginosa ATCC 27853 was also reported by its 
capacity of hydrocarbon degradation [7]. 
3.2. SG strain utilized diesel oil as the main carbon sources 
In the liquid culture, SG7 could degrade diesel oil having carbon chain ranging from C9 to C31 (data 
not shown data) without specific selection of carbon chain number. The efficiency was ranged from 
70-92% (Fig, 2), Number of cells reached maximal value after about 2 days of cultivation, The 
hydrocarbon degradation started with a short lag of about 6 hrs if cells were picked up from PCA 
agar plate or presented an immediately log phase if cell were pre incubated with medium containing 
oil. Biodegradation ended after about 5days (data not shown), Diesel oil utilization was slightly 
effected by pH change, Biodegradation highest at initial slightly alkalic pH 8.0- 9.0 and reduced 
about half yield when pH 5,0-6,0 employed, Growth was not inhibited when the oil concentration 
up to 30 % was used at starting (data not shown). 
Fig. 3 shows the effect of NaCI on hydrocarbon utilization. The strain gave the highest oil 
biodegradation when grown in 0.8% NaCI or in very low salt concentration. This is unsurprised 
because SG7 strain was isolated from Saigon Harbor where the river water is slightly brackish 
water. It is interesting that under 4% of salt, this level was higher than that in any seawater along 
Vietnam coastal line; cells still gave about 40% biodegradation yield. 
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3.3. Characteristics of the produced biosuifactant 
Fig. 2. Effect of medium pH 
on diesel oil biodegradation. 
Started oil concentration was 
J 8% in J 00 ml mineral 
medium pH 8.0, shaken at 200 
'pm at RT. The values 
presented on 0 % NaCI lane 
actual was less than J giL. 
Values were determined by 
weighing method. 
At the late log phase of the biodegradation, SG7 strain started produce surfactant activity which 
could be followed by oil dispersion tests using the cell free culture broth (Fig. 4). Lowest surface 
tension of the supernatant measured was 31.2 N/cm2. Along with surface activity, the cell free 
cultured broth also performed an excellent emulsification activity with xylen or n-hexane. E24 for 
xylen was nearly 100 % ( Fig. 3) and that for n-hexane was about 80% (data not shown). Effect of 
pH on biosurfactant production was similar to that of observed for hydrocarbon degradation, highest 
at pH 8.0-9.0 and reduced about half of that at pH 5.0-6.0 (Fig.3 and FigA). The biodegradation, 
however, still continued to be produced at the time of 5 days, while number of the cell starting 
decayed. 
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Fig. 3. Effect of growth pH on 
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emulsification activity). Xylen Fig. 4. Effect of growth pH on biosurfactant production (based on 
emulsification tests used cell free surface activity). Oil dispersion test was conducted by using cell 
cultured broth under different initial pH free cultured broth under different growth pH values (from 5. 0-
values and after 5 days of cultivation. 9. 0) and after 5 days of cultivation. 
From left to right: Test control; pH 5.0; 
pH 6.0; pH 8.0; and pH 9.0 
High concentration of salt (4-12%) on biosurfactant production, however, produced a longer lag 
phase of surfactant activity (Fig.5). After 5 days of cultivation, there was not much significant 
difference on activity along a large different concentration of salt from nearly 0% to 12% (Fig.5). 
The surface activities measured in case of 12% salt medium seems not due to the accelerated 
growth, since at this condition hydrocarbon degradation happened with a very slow rate (Fig. 2). 
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Fig. 5. Effect of growth pH on 
biosurfactant production (surface 
activity). Oil dispersion test was 
conducted by using cell free 
cultured broth under different 
growth pH values (from 5.0-9.0) 
and after 5 days of cultivation. 
3.4. Effect of added biosllrfactant to oil releasing from oil bOllnd sandy 
One of biosurfactant applications to bioremediation of contaminated hydrocarbons is to reduce the 
hydrophobic binding strength of hydrocarbons to soil! sand pmiicles, so the micro degraders could 
easier access contaminants. Fig.7 shows the effect of addition of cell free cultured broth with 
various dilutions into diesel oil previously bound to sand pmticles. In water environment, SG7 
biosurfactant caused oil release from the bottom of test tubes. The amolmt of released oil 
represented by the height of oil column raised on top of water was linearly dependent on 
logarithmic concentrations of surfactant. Fig.7 shows that 0.75% (w/v) crude biosurfactant solution 
(cell free cultured broth) was thousands time stronger than 1 % (w/v) of SDS solution, a chemical 
surfactant. 
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Fig. 6. Effect of added 
biosurfactant to oil release. 
Cell free cultured broth of 5 
days cultivation (triangles) 
and 1% of SDS (circles) with 
various dilutions yjlere used. 
The concentrations of this 
crude biosUJ1actant were 
calculated using its dried 
weight value of 7.5 g per a 
litter. The height of raised oil 
column was measured after 
2411rs. 
3.5. Effect of added biosurfactants on the biodegradation of diesel oil by SG7 strain 
It is assumed that if biosurfactant is produced by the cell to help biodegradation of hydrocarbon, it 
will effect to biodegradation rate. In the experiment the cells were harvested from PCA plate in 
order to minimize amount of biosurfactant at the beginning of growth. It seemed that S07 used very 
little amount of added biosurfactant for growth (Fig.7). Within 37 hrs incubation, the only growth 
with 0.1 % (v/v) added crude biosurfactant solution showed slightly inhibition as 30% oil remained 
(5% w/v) while in the other cases oil was almost degraded. This finding indicates that biosurfactant 
with excess amount needed it may enhance biodegradation at beginning but later on caused an 
inhibition to complete hydrocarbon degradation. 
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Fig. 7. Effect of added biosurfactant 
on biodegradation of diesel oil by 
SG7 strain. Experiment was 
conducted by using cell free cultured 
broth. Each growth flask was 
inoculated with 106 celllml of SG7 
precultured 017 PCA plate and 16 % 
wlv of diesel oil. 
S07 strain belongs to Pseudomonas aeruginosa. It is not new specie but presented interesting 
activities of diesel oil biodegradation and crude biosurfactant production. The question is that what 
kind of biosurfactant was presented in the cultured broth of strain S07. Strain showed blood 
hemolysis on plate it could suggest the biosurfactant belongs to anionic type biosurfactant and 
generally glycolipids group. In another study we have tried to isolate this kind of surface active 
compound by thin layer and colunm chromathography and estimated that biosurfactant was rowld 
1.2 gil. And further NMR analysis showed that compound having dirhamnolipids structure (Rha-
ClO _Rha-C10) and a small amount ofmonorhanolipid. 
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Rhamnolipid production by cells depended on medium pH with a similar manner as oil 
biodegradation, this might indicate that biosurfactant involving in cell itself getting an access to 
hydrophobic phase. 
Biosurfactant is needed at very low concentration to promote hydrocarbon degradation in water. 
The concentration biosurfactant presence higher than needed may inhibit biodegradation process. 
This should be considered to optimize amount ofbiosurfactant use in bioremediation. 
Under high concentration of NaCL, bacteria grew very slowly but still produce substantial 
biosurfactant activity as that of under low salt conditions. It is interesting to study whether there is 
other type of biosurfactant beside of rhamnolipid produced by 8G7 strain during biodegradation of 
diesel oil. 
Acknowlegement 
This work was support by Vietnam National University -Hochiminh City and from Core Univerity 
Program between Japan and Vietnam. We would like to thank Ms. Nguyen Thi Luong, 
Biotechnology Center, Vietnam National University-Hanoi for 168 rRNA sequence verification. 
References 
1. Naeim Kosaric ., Cairn V. L. and Neil C. C. (1987) Biosurfactants and Biotechnology. Marecl Dekker. Inc. 
New York and Basel. Surfactant Sciences series book Volume 25,342 pages. 
2. Naeim Kosaric (200 I) Biosurfactants and their application for bioremediation, Food Technol. Biotechnol. 
VoI.39(4): 295-301. 
3. Sim L; Ward O. P. and Li Z-Y (1997) Production and characterisation of a biosurfactant isolated from 
Pseudomonas aeruginosa UW-I. Journal of Industrial Microbiology and Biotechnology .Vol 19 : 232-238. 
4. Makkar R. S and Rockne K. L. (2003) Comparison of synthetic and biosurfactant in enhancing biodegradation of 
polycyclic aromatic hydrocarbons. Environ. Txico. Chem. VoI.22(10) : 2280-2292. 
5. Zang Y. and Miller R. M. (1995) Effect of Rhamnolipids (Biosurfactant) Structure on solubilization and 
Biodegradation ofN-alkanes. Applied Environmental Microbiology Vol. 61 (6): 2447- 2251. 
6. Noordman W. H. and Janssen D. B (2002) Rhamnolipids stimulates uptake of hydrophobic compounds by 
Pseudomonas aeruginosa. Applied Environmental Microbiology Vol. 68 (9): 4502- 4508. 
7. AI-Tanhha R. A., Sandrin T. R., Bodour A. A., and Maier R. M. (2000) Rhamnolipid-induced removal of 
lipopolysaccharide from Pseudomonas aeruginosa: Effect of cell surface properties and interaction with 
hydrophobic substrates. Applied Environmental Microbiology Vol. 66 (8) : 3262- 3268. 
-39-
